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(54) Title: METHOD FOR TEMPERING A MOULDING TOOL 



(57) Abstract 

Method for tempering a moulding tool intended for pro- 
duction of products of natural or synthetic polymers, which 
moulding tool includes one or more moulding parts (3, 4) made 
of sintered metal with communicating pores obtained by press- 
ing at a high pressure and sintering at a high temperature of a 
powdered material, in which moulding part or parts (3, 4) a 
moulding cavity (9) has then been made, whereby preferably 
the outer envelope surface of the moulding tool is tight. The 
method comprises tightly connecting one or more channels, ca- 
pillary tubes (6, 8) or the like through the tight outer envelope 
surface to the mould material of the moulding tool situated in- 
side, which material contains a large number of small commu- 
nicating pores and feeding a gas having a suitable state and a 
suitable temperature through the channels thereby causing a 
rapid tempering of the moulding tool to a desired extent. 
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Method for tempering a moulding tool 

The present invention relates to a method for tempering a 
moulding tool intended for production of products of natural 
or synthetic polymers, which moulding tool comprises one or 
more moulding parts made of sintered metal with communicating 
pores. The moulding parts are obtained by pressing a powdered 
material at a high pressure and sintering at a high 
temperature. A moulding cavity has then been made in the 
moulding part or parts. Preferably the outer envelope surface 
of the moulding tool is tight • 

From the Swedish patent 8501589-9 it is known before to 
produce moulding parts of sintered metal, whereby the 
moulding parts get communicating pores. A moulding cavity is 
produced in the moulding parts, which together constitute a 
mould intended for production of products of natural or 
synthetic polymers by injection moulding. 

When the moulding cavity has been completed the envelope 
surfaces are tightened. The center of said known invention 
consists in the formation of a reservoir in the pore system 
of the mould for temporary reception of air or another gas 
formed at the injection moulding. When the mould is opened 
after each production cycle the gas i released again from the 
reservoir. 

The known process disclosed above works very well. At some 
applications there are, however, difficulties in regulating 
the temperature in the different parts of the moulding tool. 
Moreover, in certain cases the pores will be clogged by 
by-products formed at the moulding of the polymer products. 
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For instance at injection moulding of thermoplasts in steel 
moulds, often about 80 % of the production cycle, consists of 
cooling time. The thermoplast is injected via a gate or 
another nozzle into the moulding cavity at a temperature of 
about 90°C-300°C. The plastic product is cooled in the 
moulding cavity by conduction and the heat is removed by 
water cooling in channels situated outside the moulding 
cavity or drilled into the mould steel. 

When cooling channels are placed in the mould steel, you 
often get the problem that they make the mould construction 
weaker. Of course, this is especially true for small areas. A 
weak mould construction cannot be accepted. Therefore, 
certain areas of the mould are not provided with cooling 
channels, which of course results in an insufficient cooling. 

Another considerable problem is to be able to arrange cooling 
channels in connection with a complex moulding cavity. This 
results in an uneven cooling or tempering of the moulding 
cavity and also a deterioration of the quality of the plastic 
product . 

Another very frequent problem, especially at the production 
of big products, is that the flow paths i.e. the distance 
from the injection site to the middle of the product is so 
long that the plastic is cooled to much before it has filled 
the whole cavity. Then, often certain inner parts of the 
cavity will get defects in respect of the moulded plastic. 



Thus, an uneven tempering of the moulding cavity is a big 
problem both at the moulding of thermoplasts and thermosets. 
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In the U.S. patent 5,021,203 a method for solving the above 
tempering problem and the problem with clogging of the pores 
is disclosed. Then the temperature is regulated in a moulding 
tool intended for the production of products of natural or 
synthetic polymers. 

The moulding tool comprises one or more moulding parts made 
of sintered metal with communicating pores obtained by 
pressing a powdered material at a high pressure and sintering 
at a high temperature. A cavity has then been made in the 
moulding part or parts. The pores are open towards the 
moulding cavity while the outer envelope surface of the 
moulding tool is tightened against leakage. 

A heating buffer is arranged in the moulding tool by filling 
the communicating pores with a liquid with a high vaporizing 
temperature. The pressure on the liquid in the pores is 
regulated by means of a suitable pressure producer connected 
with the communicating pores in the moulding tool. The 
pressure is arranged to be automatically increased to 
counteract the inner pressure of the mould against the liquid 
in the pores when polymer is introduced into the closed 
moulding tool. The pressure is then automatically decreased 
when the moulding tool is opened again and the inner pressure 
of the mould is released. In this way the pores will 
preferably be filled with the above liquid during the whole 
production cycle. 

The liquid prevents the pores from being clogged by 
by-products formed at the moulding of the polymer products or 
by fillers etc in the polymer material used. Accordingly, 
such by-products will be included in the polymer product 
instead of clogging the pores in the porous moulding parts of 
the moulding tool. 
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The liquid is intended for absorbing air, steam and other 
gases which are possibly formed at the moulding. These gases 
can then be released from the liquid when the moulding tool 
is opened after each production cycle. 

Since the liquid is evenly distributed in the whole pore 
system an even tempering of the moulding tool is obtained. 

If necessary the moulding tool can be heated or cooled by 
outside aggregates and/or by circulating a temperature 
regulating medium via channels with tight walls arranged in 
the porous moulding parts or any other parts of the moulding 
tool. 

Usually, the temperature in the moulding tool is regulated to 
between about +20°C and about +170°C. However, of course it 
is possible to work outside said interval too. The limit 
upwards in temperature is the vaporizing temperature of the 
liquid used. 

Thus, according to the U.S. patent 5,021,203 a temperature 
levelling effect in the moulding tool is obtained by 
distribution of a liquid with a high vaporizing temperature 
in the communicating pores. 

Sometimes it is desirable to be able to temper a moulding 
tool in a more careful way to bring about optimal moulding 
conditions and thereby the shortest possible production cycle 
for the moulded polymer products produced. 

According to the present invention it has been possible to 
satisfy the above desire and bring about a method for 
tempering a moulding tool intended for production of products 
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of natural or synthetic polymers, which moulding tool 
includes one or more moulding parts made of sintered metal 
with communicating pores obtained by pressing at a high 
pressure and sintering at a high temperature of a powdered 
material, in which moulding part or parts a moulding cavity 
has then been made, whereby preferably the outer envelope 
surface of the moulding tool is tight. The method comprises 
tightly connecting one or more channels, capillary tubes or 
the like through the tight outer envelop surface to the mould 
material of the moulding tool situated inside, which material 
contains a large number of small communicating pores and 
feeding a gas having a suitable state and a suitable 
temperature through the channels thereby causing a rapid 
tempering of the moulding tool to a deserid extent. 

According to one embodiment of the invention cold or warm gas 
is fed through the channels. 

According to another embodiment gas in liguid state is fed 
through the channels. The liquid is transformed to gaseous 
state by expansion in the moulding tool outside the channels, 
whereby a strong cooling of the moulding tool is obtained. 

At both embodiments the gas used can consist of carbon 
dioxide, nitrogen, air or another gas. Of course the liquid 
state phase of the gas used can be obtained in a usual way by 
compressing the gas phase. 

According to one embodiment of the invention, where liquid 
state gas is used, the moulding tool is provided with at 
least one expansion room made inside the outer tight envelop 
surface. A capillary tube or a channel for the charged liquid 
state gas runs into the expansion room. The liquid will 
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expand to gaseous state in the expansion room and then 
disperse through the communicating pores at cooling of the 
moulding tool. 

The capillary tube or the channel can either run freely into 
the expansion room or bear against the porous wall of the 
moulding tool. In both cases it is important that the 
expansion room is tightened in respect of leakage against the 
outer envelop surface of the moulding tool. 

The moulding tool can be provided with one, two or more 
expansion rooms with accompanying capillary tubes or channels 
depending on the size of the moulding tool, the desired 
cooling effect etc. At the use of a moulding tool consisting 
of one movable and one stationary part it is often suitable 
to have one expansion room in each of the two parts. 

The capillary tubes can also have another function in 
addition to that disclosed above. Thus, they can also be used 
for evacuation of enclosed air and/or other gases from the 
moulding cavity out of the mould. These gases are often 
formed at the moulding of the polymer. 

Accordingly, at injection moulding it is suitable as a first 
measure, when the mould has been closed and the plastic has 
been injected, to evacuate the gas released from the polymer 
via the capillary tubes and then feed the cooling liquid 
state gas or cold gaseous state gas through the capillary 
tubes . 

At another embodiment of the invention selected parts of the 
envelope surface are open. Then the released gas can be 
evacuated through the wall of the mould. Preferably this 
alternative is used together with capillary tubes used for 
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the same purpose as mentioned above. Usually, the envelope 
surface is tight in the area around the capillary tube to 
give the best effect of the tempering medium fed through the 
capillary tube. Thus, the tempering gas will disperse through 
the pores of the mould and not escape so quickly out of the 
mould again via the open parts of the envelope surface if 
said open parts are situated a certain distance from the 
inlet of the capillary tube. 

For instance if two capillary tubes with accompanying 
expansion rooms are used the temperature regulating gas can 
be fed in one capillary tube while enclosed air and/or gas 
released from the polymer can be evacuated via the other 
tube . 

The moulding cavity can be made in such a way that the pores 
are open or closed towards the moulding cavity. It is also 
possible to construct the moulding cavity in such a way that 
one area of pores bordering on the moulding cavity will be 
closed while, another area of these pores will be open. 

If any portion of the pores bordering on the moulding cavity 
are open, of course the temperature regulating gas will get 
into contact with the plastic product produced at the 
moulding. When the mould is then opened gas will stream out 
through the pores and into the moulding cavity. This gas 
streaming into the moulding cavity can be used for ejecting 
the product produced out of the mould when the mould is 
opened after each moulding cycle. Thereby the usual 
mechanical or pneumatic ejectors in the moulding tool can 
often be omitted. This will decrease the cycle time which 
includes the time for ejection. Mechanical and pneumatic 
ejectors namely give inconvenient marks on the products made 
if the polymer has not cooled down sufficiently before the 
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ejection of the product. In order to avoid such problems it 
is therefore necessary at conventional processes to have a 
longer cooling time than according to the invention where the 
gas ejects the moulded product. The gas will be distributed 
over a large surface, possibly the whole surface of the 
product and gives no marks. 

If mechanical or pneumatic ejectors are used as a complement 
they can be operated with a lower pressure or be placed at a 
more convenient spot since the gas will assist at the 
ejection of the moulded product. Thus, also in this case the 
cooling time and thereby the cycle time can be decreased as 
compared with conventional methods. 

According to one embodiment of the invention the temperature 
in the moulding tool can be regulated to the desired level by 
alternately feeding warm or cooling gas through the channels. 

At another suitable embodiment of the invention warm gas is 
charged through the channels before filling the moulding 
cavity with polymer. When the moulding cavity has been filled 
with polymer the moulding tool is then cooled by feeding 
gaseous or liquid state gas through the channels. Thereby the 
cycle time for the production of each polymer product is 
decreased maximally. Since the temperature can be regulated 
in this way also the polymerization reactions can be 
influenced and directed at an optimal temperature. 

in the preheated moulding tool the polymer will be kept at a 
higher temperature for a longer time which results in a low 
viscosity at the filling of the mould. Thereby the mould will 
be filled easily and quickly. In spite of that the cooling 
time can be short depending on the above effective cooling 
with gas. 
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For instance at injection moulding of therrnoplast the low 
viscosity of the polymer is useful since injection moulding 
machines with a lower injection pressure than usual can be 
adopted. Of course the investment costs will be decreased 
considerably if such smaller injection moulding machines can 
be used. 

At the last-mentioned alternative warm gas can be supplied 
via the channels already at the ejection of the polymer 
product. Thereby the cycle time will be extremely short. 

Preferably the plastics material used consists of a 
therrnoplast such as polypropylene, polyvinyl chloride, 
polyethylene, polystyrene and polyethylene terephthalate or 
an ionomeric therrnoplast such as ethylene-acrylate polymer. 
However, the invention works very well independent on which 
polymer that is to be used in the moulding tool. Therefore, 
it is also possible to use thermosets such as polyester, 
phenolic plastic and amino plastic by means of the method 
according to the invention. 

At the moulding of polypropylene by means of the method 
according to the invention, products having a greater 
transparency than usual can be obtained. This positive effect 
depends on the extreme cooling possibility according to the 
invention. For instance as compared to polyvinyl chloride, 
polypropylene has got many positive properties not least from 
an environmental point of view. Since polyvinyl chloride 
can be moulded without problems to products as clear as glass 
said plastic has been used for many applications where 
polypropylene has been used to a very low extent. Thus, the 
present invention is epochmaking in respect of using 
polypropylene for the production of plastic bottles for 
instance. 
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Suitably the temperature of the moulding tool can be 
regulated to +200°C to -25°C. 

The moulding tool tempered according to the invention is 
intended for injection moulding, compression moulding, blow 
moulding, extrusion, therrao moulding or foiling. 

The present invention will be explained further in connection 
with the embodiment examples below and the enclosed figures 
of which Fig. 1 in a simplified form shows a cross-section of 
ah injection moulding tool and certain peripheral equipment 
used at an embodiment of the invention. 

Fig. 2 shows a modification of the device according to Fig. 
1. 

On Fig. 1 an injection moulding tool comprising one mobile 
half 1 and one stationary half 2 is shown. Each moulding half 
comprises a moulding part 3, 4 made of a porous sintered 
material with communicating pores as disclosed above. In the 
part 3 there is an expansion room 5 whereinto a capillary 
tube 6 runs . Also the part 4 contains an expansion room 7 
whereinto a capillary tube 8 runs. The capillary tubes 6 and 
8 run freely into the expansion rooms 5 and 7 respectively 
and stop a short distance from the inner wall of the 
expansion rooms. 

Between the moulding halves 1 and 2 a moulding cavity 9 is 
formed. The moulding parts 3 and 4 have pores which are open 
towards the moulding cavity 9. At the outside the moulding 
parts 3 and 4 are provided with non-porous moulding parts 10 
and 11 respectively on all sides. Recesses 13 and 14 for the 
capillary tubes 6 and 8 respectively have been made in the 
moulding parts 1.0 and 11. 
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Sealings 15 are arranged between the parts 3 and 10 and 4 and 
11 respectively. Sealings 16 are also arranged between the 
outer surfaces of the capillary tubes 6, 8 and the recesses 
13 and 14 respectively. 

A container 17 with liquid carbon dioxide is connected to the 
capillary tubes 6, 8. The supply of gas can be regulated by 
hand valves 18. Gaseous state cooling gas, air and/or gases 
formed at the moulding of the plastic can be evacuated via 
pipes 19 and hand valves 20. 

The addition of liquid state cooling gas, evacuation of 
gaseous state cooling gas and gases possibly formed from the 
polymer as well as the opening and the closing of the 
moulding tool etc can be directed by means of a control unit 
21. 

The moulding tool according to Fig. 2 corresponds exactly to 
that according to Pig. 1 with the exeption that the capillary 
tubes 6, 8 do not run freely into the expansion rooms 5 and 7 
respectively but reach all the way to the inner wall of the 
expansion rooms. The same reference numerals are used for 
corresponding details on the two figures. 

Example 1 shows injection moulding of a small lid of 
polypropylene by means of a moulding tool designed according 
Fig. 1, whereby the moulded product is ejected out of the 
mould by means of a. tempering gas. Example 2 illustrates 
injection moulding of a pump membrane whereby the membrane is 
ejected out of the mould by means of a tempering gas. Example 
3 shows production of a partition wall of polypropylene 
whereby the production cycle is decreased by local cooling of 
the injection site according to one embodiment of the 
invention. 
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Example 1 

An injection moulding tool according to Fig. 1 was used for 
the production of a small lid of polypropylene. Then the 
moulding tool was first closed whereupon the polymer material 
was injected. Liquid state carbon dioxide was fed via the 
capillary tubes 6 and 8. Then the liquid state carbon dioxide 
was transformed to gaseous state by expansion in the 
expansion rooms 5 and 7. The gas was immediately distributed 
in the communicating pores of the moulding parts 3 and 4 
whereby a strong cooling effect was obtained. Thus, the 
temperature in these parts decreased to -10°C. 

The moulding tool was opened whereupon a supplementary 
addition of liquid carbon dioxide was charged via the 
capillary tube 8. The liquid carbon dioxide was then 
transformed to gas in the expansion room 7. The gas was 
immediately distributed in the communicating pores of the 
part 4, resulting in an ejection of the plastic product out 
of the moulding tool, whereupon the production cycle was 
re p ea ted. The plastic products produced were rather 
transparent. The intended temperature in the moulding cavity 
9 was regulated by means of a thermoelement (not shown on the 
figures) applied in the moulding cavity or near thereto. The 
amount of cooling gas needed for keeping the desired low 
temperature was regulated by means of the control unit 21 in 
co-operation with the thermoelement. 

The cycle time was 9 seconds at the above injection moulding 
by means of an injection moulding tool according to the 
invention . 
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At the production of the same product in a conventional 
injection moulding tool not provided with any moulding parts 
with communicating pores according to the invention and only 
cooled with water the cycle time was 14 seconds. 

Thus, the method according to the invention results in an 
extraordinary saving of time which decreases the cost per 
injected moulded product to the corresponding degree. 

Example 2 

An injection moulding tool with the same principal design as 
according to Fig. 1 except for a few modifications was used 
for the production of a pump membrane of polyurethane . The 
membrane had a circular surface with a thickness of about 15 
mm and a diameter of about 180 mm. 

In this case the injection moulding tool was provided with 
two capillary tubes 6 which ran into two different spots of 
the moulding part 3 and two capillary tubes 8 which ran into 
two different spots of the moulding part 4. 

Of course the cross-section of the moulding cavity was mainly 
rectangular in this case and not designed as shown in Fig. 1. 

First the moulding tool was closed, whereupon the polymer 
material was injected. Liquid carbon dioxide was then fed via 
the capillary tubes 6 and 8. The liquid carbon dioxide was 
then transformed to gas by expansion in the expansion rooms 5 
and 7 . The gas was immediately distributed in the 
communicating pores of the moulding parts 3 and 4, whereby a 
strong cooling effect was obtained. 
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Then the moulding tool was opened, whereupon liquid carbon 
dioxide was fed via the capillary tubes 6 in a supplementary 
addition. The liquid carbon dioxide was transformed to gas in 
the expansion rooms 8. The gas was immediately distributed in 
the communicating pores in the part 3, resulting in an 
ejection of the plastic product out of the moulding tool, 
whereupon the production cycle was respected. 

The membrane produced was totally perfect without any dents, 
porosity or inclusions of air. 

The production velocity at the above injection moulding by 
means of an injection moulding tool according to the 
invention was 36 membranes produced per hour. The reject rate 
was 0%. 

At the production of the same product in a conventional 
injection moulding tool not provided with any moulding parts 
with communicating pores according to the invention and only 
cooled with water the production velocity was 30 products per 
hour. Moreover, it was necessary to reject 40% of the 
membranes produced. 

At the conventional production of the membrane it often got 
stuck in the stationary mould half depending on a vacuum 
effect and an adhesion. Then it had to be removed with a tool 
such as screw-driver. This caused the above high reject rate 
due to non-acceptable marks from these tools in the 
membranes. Moreover, problems with removal of air often 
occurred at the production, which often resulted in air 
blisters and porosity of the membranes. 

These problems can be avoided completely according to the 
invention. The membrane is easily ejected by means of the 
gas. The problems with removal of air are also solved. Of 
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course the decreased cassation in combination with a 
decreased cycle time according to the invention results in a 
considerably improved production not least from an economical 
viewpoint • 

Example 3 

In a conventional injection moulding tool with water cooling 
partition walls of polypropylene for a drawer were made. The 
cycle time became long, 27.4 seconds due to overheating in 
the heat-channel gate. 

A minor change of the moulding tool was made by making a 
small recess in one moulding half opposite to the runner 
gate. In said recess a porous moulding part of sintered 
material according to the invention was placed. The moulding 
part was shaped like a casing and placed with the opening 
downwards. A capillary tube ran into the casing. 

First the moulding tool was closed whereupon the polymer 
material was injected. Liquid carbon dioxide was then fed via 
the capillary tube. The liquid carbon dioxide was transformed 
to gas by expansion inside the casing formed part. The gas 
was immediately distributed in the communicating pores of the 
casing formed part, whereby a strong cooling effect was 
obtained in the area of the runner gate. The cycle time 
became 2 0.2 seconds. 

The tool was opened again and the partition wall produced was 
removed. The moulding tool was closed and the cycle was 
repeated. 

The present invention is not limited to the embodiments 
shown, since these can be modified in different ways within 
the scope of the invention. 
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CLAIMS 



1. Method for tempering a moulding tool intended for 
production of products of natural or synthetic polymers, 
which moulding tool includes one or more moulding parts made 
of sintered metal with communicating pores obtained by 
pressing at a high pressure and sintering at a high 
temperature of a powdered material, in which moulding part or 
parts, a moulding cavity has then been made, whereby 
preferably the outer envelope surface of the moulding tool is 
tight, which comprises tightly connecting one or more 
channels, capillary tubes or the like through the tight outer 
envelope surface to the mould material of the moulding tool 
situated inside, which material contains a large number of 
small communicating pores and feeding a gas having a suitable 
state and a suitable temperature through the channels thereby 
causing a rapid tempering of the moulding tool to a desired 
extent . 

2. Method according to claim 1, which comprises feeding a 
cold or a warm gasous state gas through the channels. 

3. Method according to claim 1, which comprises feeding a 
liguid state gas through the channels which liguid is 
transformed to gaseous state by expansion in the moulding 
tool outside the channels thereby causing a strong cooling of 
the moulding tool. 

4. Method according to any one of claims 1 and 3, where the 
channel or channels run into expansion rooms in the moulding 
tool where the liquid state gas expands to gaseous state and 
is then dispersed through the communicating pores at cooling 
of the moulding tool. 
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5. Method according to any one of claims 1-4, wherein the 
polymer material consists of a thermoplast such as 
polypropylene, polyvinyl chloride, polyethylene, polystyrene 
and polyethylene terephthalate a thermoset such as polyester, 
phenolic plastic and amino plastic or an inonomeric 
thermoplast such as ethylene-acrylate polymer. 

6. Method according to claim 5, wherein the polymer consists 
of polypropylene, whereby a product with a greater 
transparency than usual is obtained. 

7. Method according to any one of claims 1-6, wherein the 
moulding tool is intended for injection moulding, compression 
moulding, blow moulding, extrusion, thermo moulding or 
foiling. 

8. Method according to any one of claims 1-7, wherein the 
moulding tool is tempered to a temperature of +200 °C to 
-25°C. 

9. Method according to any one of claims 1-8, wherein the 
moulding cavity has been made in such a way that at least 
some but preferably all of the pores are open towards the 
moulding cavity. 

10. Method according to any one of claims 1-9, wherein one or 
more of the channels are also used for evacuation of enclosed 
air and/or gases from the moulding cavity out of the mould, 
which gases are formed at the moulding of the polymer. 

11. Method according to claims 9, wherein a product made in 
the moulding tool is ejected out of the mould by means of the 
gas when the mould is opened after each moulding cycle. 
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12. Method according to any one of claims 1-11, wherein the 
temperature of the moulding tool during the moulding cycle is 
regulated to a desired level by alternately feeding warm or 
cooling gas through the channels. 

13. Method according to any one of claims 1-12, wherein warm 
gas is charged through the channels before filling the 
moulding cavity with polymer whereupon the moulding tool is 
cooled by charging cold gas in gaseous state or liquid state 
through the channels when the moulding cavity has been filled 
with polymer, whereby the cycle time for the production of 
each polymer product is decreased maximally. 

14. Method according to claim 13, wherein the charge of warm 
gas through the channels is started already when the polymer 
product produced is ejected out of the moulding tool. 
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